The volatile constituents of the aerial parts of Centaurea formanekii Halacsy and the aerial parts, capitula and roots of C. orphanidea Heldr. & Sart. ex Boiss. ssp. thessala (Hausskn.) Dostál from Greece were extracted by hydrodistillation and analyzed. The main components in C. formanekii were hexadecanoic acid (13.6%), -elemene (9.1%), and spathulenol (6.9%). The main components in C. orphanidea ssp. thessala were γ-elemene (26.1%) and caryophyllene oxide (13.2%) in the aerial parts, hexadecanoic acid (33.5%) and heptacosane (6.3%) in the capitula, and hexadecanoic acid methyl ester (22.0%) and α-chamigrene (14.0%) in the roots. The chemotaxonomic significance with respect to other previously studied species of the same sections (Phalolepis and Achrolopus, respectively) is discussed.
Centaurea L., a polymorphous genus belonging to the Cardueae Cass. tribe of the Asteraceae family, comprises 400-700 species of annual, biennial and perennial grassy plants, rarely dwarf shrubs, predominantly distributed in Europe and Asia [1a-c]. In the present study, as a continuation of research on the volatile constituents of this genus [2a-l] , we have investigated the chemical composition of the essential oils obtained by hydrodistillation from the aerial parts of Centaurea formanekii Halacsy and the aerial parts, capitula and roots of C. orphanidea Heldr. & Sart. ex Boiss. ssp. thessala (Hausskn.) Dostál. There are no previous reports of the analysis of the volatile components of these plants, although for C. orphanidea ssp. orphanidea some studies have previously referred to sesquiterpene lactones and lignans [3a,b] , whereas no work has been reported for C. formanekii. C. formanekii belongs to section Phalolepis (Cass.) Dobrocz. [4a] , which contains biennial or perennial plants with coriaceous appendages. Until now the species was considered endemic for the Former Yugoslav Republic of Macedonia. This is the first record of C. formanekii for the flora of Greece. C. orphanidea ssp. thessala is included in sect. Acrolophus (Cass.) DC. of the genus Centaurea [4b], which is an endemic taxon for the Thessaly Region of Eastern Greece.
Hydrodistillation of the aerial parts of C. formanekii (CFA) gave a pale yellow oil. Overall, sixty-four compounds were identified, representing 91.6% of the total volatile components. These are listed in Table 1 according to their retention indices on DB-5 and HP-Innovax columns, and are classified on the basis of their chemical structures in 9 classes. The oil is particularly rich in terpenoids (44.3%). Oxygenated sesquiterpenes (15 compounds, 23.3%) are the main class and among these spathulenol (6.9%) is the major compound followed by β-eudesmol (3.8%), with a lower amount of caryophyllene oxide (2.5%). Sesquiterpene hydrocarbons are quite abundant (20.0%), with -elemene (9.1%) as the principal constituent, followed by allo-aromadendrene (6.1%). Nine fatty acids were recorded, forming 23.5% of the total, with hexadecanoic (palmitic) acid the most abundant (13.6%), followed by tetradecanoic acid (5.4%).
These compounds are typical constituents of epicuticular waxes rather than of the essential oil [4c]. A high percentage (11.2%) of hydrocarbons (9 compounds) was detected with heptacosane (3.7%) and nonacosane (2.5%) as main compounds. Carbonylic compounds (15 substances) represented a large fraction of the oil (11.1%), with hexahydrofarnesyl acetone as the main one (2.4%). The essential oil composition has been recorded of the aerial parts of C. hieropolitana, C. cadmea [5a] , C. wagenitzii, C. tossiensis and C. luschaniana from Turkey [5b], and C. euxina [6] belonging to sect. Phalolepis [4a] . Comparison of the oils showed similar trends. In fact, the main compound is hexadecanoic acid in all cases and the hydrocarbon class is represented in a similar way. Also, monoterpene hydrocarbons were absent in all samples. Although all the species contain high percentages of oxygenated terpenoids, the distribution is different. Oxygenated monoterpenes were absent in C. wagenitzii, C. tossiensis and C. luschaniana, present in low amounts in C. euxina and C formanekii (0.7%) whereas C. hierapolitana and C. cadmea were rich in oxygenated monoterpenes (14. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .2%) represented mainly by carvacrol (13.3-16.6%). On the other hand, C. formanekii, C. euxina and C. wagenitzii have a higher content of oxygenated sesquiterpenes (23.3, 27.1 and 23.4%, respectively). It is worth pointing out that C. formanekii and C. euxina have an extremely similar profile, both in the percentage of the different classes and composition within the single class. Our data are in agreement with the taxonomical treatment of the group; the last two taxa belong to the C. alba L. complex. Some authors consider them as two subspecies of C. alba [4a] . Consequently, the collocation of C. formanekii in sect. Phalolepis is in perfect agreement with our results.
NPC Natural Product Communications
Hydrodistillation of aerial parts of C. orphanidea ssp. thessala (COA) gave a pale yellow oil. Overall, forty-one compounds were identified, representing 91.3% of the total volatile components ( Table 1) . Also in this case, the oil is particularly rich in terpenoids (55.5%). Sesquiterpene hydrocarbons are the main class and among these γ-elemene predominates (26.1%), followed by α-santalene (4.2%). Oxygenated sesquiterpenes (8 compounds) represent 23.2%, with caryophyllene oxide (13.2%) by far the main compound. Five fatty acids were present in the oil (total amount 18.4%) these being, similar to C. formanekii, hexadecanoic (palmitic) acid, the most abundant (9.5%), followed by tetradecanoic acid (3.6%). Hydrocarbons (14 compounds) are present in large quantity (11.0%) with heptacosane (2.2%) and nonacosane (2.0%) the main ones. In the oil, carbonylic compounds are represented by only seven substances (6.4%), of which hexahydrofarnesyl acetone is the principal one (3.9%).
Only four papers concerning the chemical composition of the essential oil of aerial part of Centaurea species belonging to sect. Achrolophus (sensu Wagenitz) [4b] have been published, and they refer to: C. pelia from Greece [7] , C. dichroa [8] , C. cariensis, and C. calolepis from Turkey [5a] , and C. cuneifolia from Bulgaria [6] .
Comparison of the composition of the five oils shows some interesting features. Although C. cuneifolia has an impressive high content of oxygenated sesquiterpenes (42.7%), caryophyllene oxide is present in comparable amount in all the species of this section, whereas the large quantity of γ-elemene (26.1%) is a peculiar characteristic of C. orphanidea ssp. thessala. The fatty acids composition is quite similar in the six species with the analogous presence of hexadecanoic acid as the major compound.
Analysis of the oils obtained by hydrodistillation of capitula (COC) and roots (COR) of C. orphanidea ssp. thessala (COA) gave, of course, quite different profiles. COC was extremely rich in fatty acids (52.5%) with hexadecanoic acid as the major compound (33.5%), and quite poor in terpenoids (10.2%), the main one of which being spathulenol (3.9%). On the other hand, COR contained less fatty acids (32.4%) with hexadecanoic acid methyl ester as the main product (22.0%) and a quite high amount of terpenoids (49.5%). The most abundant oxygenated sesquiterpene in COR was caryophyllene oxide (11.5%), which was absent in COC, and among the sesquiterpene hydrocarbons of COR it is noteworthy the high content of α-chamigrene (14.0%). Of the carbonylic compounds of COC (6.6%) only hexahydrofarnesyl acetone was present in good amount (2.6%), such as in COA (3.9%) and COR (2.5%).
The presence in COC of musk xylene has to be pointed out. Previous literature reports have shown that galaxolide, tonalide, musk xylene, and musk ketone, among others in this class of personal care products, are generally present as micro-pollutants in surface water, human breast milk, fish, and human adipose tissues. Musk xylene and musk ketone may therefore be considered as suitable indicator chemicals for the pollution of aquatic ecosystems by domestic and communal sewage [9] . Synthetic musk compounds are used as inexpensive fragrance materials for the production of perfumes and also as additives to soap, detergent, shampoo, and even Indian chewing tobacco.
Experimental
Plant material: Aerial parts of Centaurea formanekii (CFA) were collected at Kavourotripes, 10 km north of Sarti, Sithonia Peninsula, Chalkidiki (Greece), on the sea-shore among the rocks at the beginning of July 2011, while aerial parts (COA), capitula (COC) and roots (COR) of Centaurea orphanidea ssp. thessala were collected at Paradise Beach, Thassos (Greece), on the sea-shore, on 21 June 2011. The voucher specimens are deposited in the Herbarium of the Institute of Botany, Bulgarian Academy of Sciences: SOM-1741 (C. formanekii) and SOM-1742 (C. orphanidea ssp. thessala).
Isolation of the essential oil:
The air-dried samples were ground in a Waring blender and then subjected to hydrodistillation for 3 h using n-hexane as solvent, according to the standard procedure previously described [10] . The extracts were dried over anhydrous sodium sulfate and then stored in sealed vials, at -20°C, ready for the GC and GC-MS analyses. The samples yielded 0.011% (CFA), 0.076% (COA), 0.026% (COC) and 0.11% (COR) of yellow oils (w/w), with a pleasant smell.
Gas chromatography-mass spectrometry: Analytical gas chromatography was carried out on a Perkin-Elmer Sigma 115 gas chromatograph fitted with a HP-5 MS capillary column (30 m x 0.25 mm), 0.25 μm film thickness. Column temperature was initially kept at 40°C for 5 min, then gradually increased to 250°C at 2°C/min rate, held for 15 min and finally raised to 270°C at 10°C/min. Diluted samples (1/100 v/v, in n-pentane) of 1μL were injected at 250°C, manually, and in the splitless mode. Flame ionization detection (FID) was performed at 280°C. GC-MS analysis was performed on an Agilent 6850 Ser. II apparatus, fitted with a fused silica DB-5 capillary column (30 m x 0.25 mm), 0.33 μm film thickness, coupled to an Agilent Mass Selective Detector MSD 5973; ionization voltage 70 eV; electron multiplier energy 2000 V. Gas chromatographic conditions were as given; transfer line temperature, 295°C. Analysis was also run by using a fused silica HP Innowax polyethylenglycol capillary column (50 m x 0.20 mm, 0.20 μm film thickness). In both cases helium was used as carrier gas (1 mL/min). Most constituents were identified by gas chromatography by comparison of their retention indices (LRI) [11, 12] or with MS from the literature [11, 13] and our home made library.
